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ABSTRACT

The Lutheran (Lu) and Lu(v13) blood group glycoproteins function agpt@sefor extracellular
matrix laminins. Lu and Lu(v13) are linked to the erythrocyt®sigleton through a direct interaction
with spectrin. However, neither the molecular basis of theadti®n nor its functional consequences
have previously been delineated. In the present study, we défi@dunding motifs of Lu and Lu(v13)
on spectrin and identified a functional role for this inteactMWe found that the cytoplasmic domains of
both Lu and Lu(v13) bound to repeat 4 of thespectrin chain. The interaction of full-length spectrin
dimer to Lu and Lu(v13) was inhibited by repeat 4cfpectrin. Further, resealing of this repeat peptide
into erythrocytes led to weakened Lu-cytoskeleton interactiodeasonstrated by increased detergent
extractability of Lu. Importantly, disruption of the Lu-spectiimkhge was accompanied by enhanced cell
adhesion to laminin. We conclude that the interaction of the kaptasmic tail with the cytoskeleton

regulates its adhesive receptor function.



INTRODUCTION

There is mounting interest in the two Lu red cell transmemlgbmeprotein isoforms that serve as
receptors for extracellular matrix laminins. Current evidemogicates that Lu-laminin binding
contributes to sickle cell vaso-occlusi%)'ﬁ.Lu-dependent sickle red blood cell adhesion appears to
involve epinephrine and cyclic AMP activation, supporting the nowatept that inside-out signaling
mechanisms may activate red cell adhesion mole&Mm.eover, polycythemia vera RBCs demonstrate
increased adherence to vascular endothelium also mediated lbyninin binding, suggesting that this
interaction may contribute to the increased thrombosis observet$ imybloproliferative disorder Lu
first appears on the erythroblast surface late in diffetion” and circulating erythrocytes express 1500-
4000 copies per celt™ However Lu expression is not limited to red cells; the isnfoare also present
on vascular endothelial cells and epithelial cells in mlezltt';ﬂsuesl.l Intriguing recent data show that Lu
expression is enhanced in various carcinomas and during malignasfotnaation of epithelial cells,
pointing to a possible role in cancer biololgz)'/%5 To better understand Lu receptor function(s) in both
normal and pathological states we are investigating thetwtalignteractions of these transmembrane

proteins.

The two Lu isoforms (85 and 78 klfg)are members of the immunoglobulin superfamily (IggF).
The 85 kDa Lu glycoprotein contains five disulfide-bonded extracelllg8F domains, a single
hydrophobic membrane span, and a cytoplasmic domain of 59 re%%dllescytoplasmic tail may
function in intracellular signaling and polarization to plagm@mbrane as suggested by the presence of
the consensus motif for binding of Src homology 3 (SH3) domainspéitential phosphorylation sites
and a dileucine motif responsible for regulating basolateralizatian of Lu in polarized epithelial
cells}’ The 78 kDa isoform (termed Lu(vfi?)or B-CAM13), generated by alternative splicing of intron
13, differs from the larger form by having a truncated cytoplagaiiclacking the proline-rich SH3
binding domain, the dileucine motif and the five phosphorylatim}s?tErythrocyte membranes contain

5-10-fold more Lu than Lu(v1é1)7.



Extracellular matrix laminins, a large family of hetenoiric proteins each composed of three
polypeptide chainsof  and y)19 perform key roles in adhesion, migration, cell differentiatiod an
proliferation. We and others have shown that both Lu isoforms bind ispégifind with high affinity to
laminin proteins containing theb polypeptide chain (laminins 511 and 521; as numbered in Aumailley et
al_2o>_1,5,21,22

We have also determined that the laminin binding site is présdhe three membrane

distal IgSF domairt€ and is located at the flexible junction of Ilg domains 2 afidl 3.

Interactions of receptor molecule cytoplasmic domains withytteskeleton can play critical roles in
regulating receptor function. Earlier we determined thathhe a high degree of connectivity to the
erythrocyte membrane cytoskeletzoznA more recent study demonstrated that Lu isoforms directly bind
to spectrin, a major constituent of the membrane cytoske%étﬁpectrin, which exists in the cell as an
P2 tetramer, has the form of a long, flexible rod, with a contength of 200 nrr%.5'27 The protein is
characterized by a succession of repeating unité;(@ilthe a-spectrin chain, and 18 in the p-chain),
each of about 106 residues, folded into a left-handed, antipargdlelhielical coiled-coil structur%g"?o
Such repetitive structure is a basic feature of the spestperfamily of proteins including spectrim;
actinin, dystrophin and utrophf”r%.’32

Although the RK573-574 motif in the Lu and Lu(vl3) C-terminal cytoplastaits has been
identified as the element required for attachment to erythpB'dtls'sn,zA' the Lu binding site in spectrin
has not been delineated. More importantly, the consequences of thectninsgesociation have not been
explored. The current study was undertaken as a structuraluantiohal analysis of the Lu-spectrin
interaction. We have localized the Lu and Lu(v13) binding sitepécttsin to one single repeat in the
o spectrin chain and showed that disruption of the Lu-spectrin intamaot situ resulted in a weakened

linkage of Lu to the cytoskeleton and enhanced adhesion of liedacéaminin. These findings indicate

that the Lu-spectrin interaction modulates the adhesive activity.of



EXPERIMENTAL PROCEDURES
Materials

Primers used in polymerase chain reactions (PCR) were frpero® Biotechnologies, Inc.
(Huntsville, AL). pGEX-4T-2 vector and glutathione-Sepharose 4Bewmirchased from Amersham
Pharmacia Biotech Inc. (Piscataway, NJ). Restriction enzymes wenéNiew England BioLabs (Beverly,
MA). Laminin purified from human placenta, reduced form glutateiand IPTG were purchased from
Sigma (St. Louis, MO). Streptavidin Agarose was from logén (Carlbad, CA). The CM5 biosensor
chip, amino coupling kit andther reagents for SPR assay were purchased from BlAP®@eataway,
NJ). Synthetic biotin labeled cytoplasmic tail of Lu(v13)(CVRRKGGHRDQRREKGAP) was
synthesized and purified at the Core Facility of New York Bl@ashter. The mass of the peptide was
confirmed by Mass Spectrometric analysis. Polyclonal antibosieeific for human spectrin and
glycophorin C (GPC), and the GST and His tags were generatathhits and affinity purified in our
laboratory at the New York Blood Center. Anti-human Lu antibB&BIC 221 was generated in our
laboratory at Bristol Institute for Transfusion Sciences. HBRugated anti-rabbit IgG was from
Jackson ImmunoResearch Laboratory (West Grove, PA). TMB mitrpesxidase substrate was the
product of Kirkegaard & Perry Laboratories Inc. (Gaithersbii). Renaissance chemiluminescence
detection kit was from Pierce Biotechnology, Inc. (Rockford, ISPS-PAGE and electrophoresis
reagents from Bio-Rad (Herculus, CA) and GelCode stainingergarom Pierce Biotechnology, Inc

(Rockford, IL). 96-well microplates were from BD Falcon Bioscien&zs1(Jose, CA).

Construction of Recombinant Proteins. GST-tagged spectrin fragments and spectrin single repeats
were constructed and characterized previoﬁgsf’if‘. His-taggednR3, R4 andaR5 were sub-cloned into
PET28b(+) vector using Ncol and Xhol upstream and downstream regeciihe cytoplasmic domain
of Lu was amplified by PCR using full length Lu cDNA as tertgland sub-cloned into pGEX-4T-2
vector using restriction enzymes EcoRI and Sall upstream and deamstespectively. The fidelity of

the constructs was confirmed by sequencing.



Preparation of proteins. Spectrin was purified from human erythrocytes as describedopus?&yl3 >
The blood was obtained from the New York Blood Center from fresbllgated units that were not
suitable for transfusion. The GST-fusion polypeptides were pdrifising a glutathione-Sepharose 4B
affinity column and the His-taggegtspectrin single repeats were purified using a Nickleirool The
purified proteins were dialyzed against phosphate bufferedes@l mM Phosphate, pH 7.4, 150 mM
NaCl) and clarified by ultracentrifugation. Protein conceiurat were determined using extinction
coefficients calculated from the tryptophan and tyrosine contrkiag the molar extinction coefficients

of these amino acids at 280 nm as 5500 and 1340 respegﬁvely.

Pull down Assays. To measure the binding of recombinant spectrin fragments tadtie-labeled
Lu(v1l3) peptide, GST-tagged spectrin fragments were incubatbdheitpeptide at room temperature for
1 hour. Streptavidin beads were added to the reaction mixtungydted for 10 minutes, pelleted and
washed. The pellet was analyzed by SDS-PAGE, followed byfdratts nitrocellulose membrane and
probed with anti-GST antibody. To measure the binding of His-thgegpectrin single repeat to GST-
tagged cytoplasmic domain of Lu, the GST-tagged cytoplasmic darhainwas coupled to glutathione
beads at room temperature for 30 minutes. Beads were pelletedagshddw His-taggedR3, aR4 or
aR5 was added to the GST-Lu-conjugated beads in a total volume of.I0@e final concentrations of
both coupled polypeptide and polypeptides in solution wark1The mixture was incubated for 1 hour
at room temperature, pelleted and washed. The pellet was ahbly&DS-PAGE, and the binding was

detected by Western blotting using anti-His antibody.

ELISA Assay. ELISA assay was used for inhibition experiments. To examinalkiigition of Lu-
spectrin binding byxR4, spectrin (200 ng in 10@) was coated onto a 96 well plate overnight @@.4
The plate was washed and blocked with 1%BSA in PBS-T (PB85%0tween-20) for 1 hour at room

temperature. 0.tM of GST-tagged cytoplasmic domain of Lu (which was pre-incubaith increasing



concentrations oftlR4 oraR5 as negative control) was added to the spectrin-coatedapldtecubated
for 30 minutes. After 30 minutes further incubation, the plate vashed and the Lu binding to spectrin
was detected by anti-GST antibody followed by HRP-conjugatedrabitit IgG. The color was
developed by adding TMB microwell peroxidase substrate and read By ISA plate reader at 450 nm.
Similar experiments was performed to examine the effectRef on Lu(v13)-spectrin binding. In this
case, Lu(vl3) peptide were coated onto the 96 well plateo®dd(at increasing concentrations) was
added to the Lu(v13) peptide coated plate and incubated for 30 minutes before spectan¢antration
of 0.1 uM) was added. Spectrin binding was detected by anti-spectrinodptifollowed by HRP-

conjugated anti-rabbit IgG as described above.

Surface Plasmon Resonance Assay. Surface plasmon resonance assay was performed using a
BIAcore 3000 instrumer(BlAcore, Piscataway, NJ). Spectrina@R4, was covalently coupled to a CM-5
biosensor chip using an amino coupling kit. The instrument wasgmoged to perform a series of
binding assays with increasing concentrations of analyer the same regenerated surface. Lu(v13)
cytoplasmic domain was injected onto a spectrinf®4 coupled surface. Binding reactions were done in
HBS-EP buffer, containing 20 mM HEPES, pH 7.4, 150 mM NaCl, 3 mM ERh4 0.05% (v/v)
surfactant P20. The surface was regenerated with 0.05%b8®@% each new injection. Sensograms
(plots of changes in RU on the surface as a function of titegyed were analyzed using the software

BlAeval 3.0. Affinity constants were estimated by curve fitting using a hdifg model.

Introduction of aR4 into Erythrocyte Ghosts. Blood was taken from normal adults with informed
consent using a New York Blood Center IRB approved protocol. Red wadre isolated by
centrifugation, followed by three washes with Tris-bufferedoisiat saline (0.15 M potassium chloride,
10 mM Tris, pH 7.4). For detergent extractability experimealygeptides was introduced into ghosts as
following: cells were lysed and washed three times with 36mes of ice-cold hypotonic buffer (5 mM

Tris, 5 mM potassium chloride, pH 7.4). Under gentle mixing, thetghesre incubated with various



concentrations of the polypeptides in the cold for 10 min. 0.1 vohime5 M potassium chloride, 50
mM Tris, pH 7.4 was added to restore isotonicity and the ghosesim@rbated for another 40 min at 37
°C to allow resealing. For adhesion assay, introduction of GS-t@ggedaR4 or GST-taggedR5

into erythrocytes was performed as previously described by the diatgshod”

Triton Extraction of Erythrocyte Ghosts. 60 ul of resealed ghosts were washed three times with
PBS. The pellet was suspended in RD6f extraction buffer (5 mM phosphate, pH7.4, 150 mM NacCl, in
the presence of 0.05% Triton-X100 for Lu glycoprotein extraction, or OI%%6n-X100 for GPC
extraction) and incubated on ice for 1 hour, followed by centrifogaat 14,000 rpm (Benchtop
centrifuge) for 10 minutes. The pellet was suspended il 6BS plus 6Qul of sample buffer. 14l of

sample was run on 10% SDS-PAGE followed by immunoblotting using antibodiestdgaand GPC.

Adhesion Assay. Purified laminin from human placenta was diluted in PBS anttdazn a 96 well
microplate at 4 C overnight. The wells were washed with PBS and blocked W#IBSA in PBS for 1
hour at 37 C. Adhesion assays were performed using a gravity drivenseegaspension assdor this
assay erythrocytes were resealed with different condmmisa of GST, GSTxR5, or GSTeR4
polypeptides. The resealed cells were washed 4 times in RB6ilated to 5x1dcells/ml, and then 100
ul (5x10* cells) were added to each well. After 1 hour incubation 81G3he wells were filled with PBS
and the microplate was floated upside db¥rfor 40 minutes in a PBS solution before microscopic
observation and cell counting. The cells were quantified in threesaat the center of the well by
microscopy (x10) using a computerized image analysis system (ixfalgle Browser). The area per field

was 53061um?® The counted cells were then averaged and presented in terms of fold change.

SDS-PAGE and Western Blot. SDS-PAGE was performed using 10% acrylamide gel. Proteins were
transferred onto nitrocellulose membrane. The blocking whsraibne overnight at% or for 1 hour at

room temperature in blocking buffer (10 mM Tris, pH 7.4, 150mM NaCl, OI%%en-20, 5% non-fat



dry milk). All other steps were performed at room temperaitine. blot was probed for 1 hour with the
primary antibody followed by secondary antibody coupled to HRP. A#eeral washes, the blot was

developed using the Renaissance chemiluminescence detection kit.

RESULTS

Mapping the Lu and Lu(v13) Binding Site in Spectrin. It has been previously shown that spectrin
binds to the cytoplasmic domain of both Lu and Lu(v13) isoforms. Thediffitrence between the two
isoforms is that Lu(v13) has a truncated cytoplasmic tali@tery C-terminus; the cytoplasmic domain
of Lu contains 59 amino acids, while that of Lu(v13) only has theZrsamino acids. Since the RK573-
574 motif identified necessary for binding to spectrin is gmesn both Lu and Lu(vl3) C-terminal
cytoplasmic tails, we used biotin-labeled Lu(v13) to study its iotierawith spectrin fragments. Binding
of nine recombinant GST-tagged spectrin fragments, encompabsinglt length of botha- and 8-
spectrin chains (Fig 1A), to biotin-labeled Lu(v13) peptids ewamined using a streptavidin pull down
assay. As shown in Fig 1B, only onespectrin fragmenteN-5, but none of the other eight spectrin
fragments was brought down with Lu(v13). Furthermore, among th&rate structural elements that
constitute thexN-5 fragment, only one single repeaRk4, specifically bound to Lu(v13) (Fig 1C). To
confirm theaR4 also binds to the cytoplasmic region of Lu, we constructedddigedaR3, R4 and
aR5 and examined their binding to GST-tagged cytoplasmic domain of KBSAypull down assay. Fig
1D shows thattR4 but notaR3 or aR5 was brought down by Lu. We conclude that amongst the 36
repeats ofu- andp-spectrin there is a single binding site for Lu and Lu(v13) aiwlltes in theaR4

repeat of ther chain.

aR4 Inhibits Binding of Full Length Spectrin to the Cytoplasmic Domain of Lu and Lu(v13). To
further confirm the specificity of the interaction betweencsjre and Lu as well as Lu(vl3), we
performed a competitive inhibition assay. In this study, the cyoptadomain of Lu was pre-incubated

with increasing concentrations ofR4 before adding to microtiter plates pre-coated with full tkeng



spectrin. As shown in Fig 2, binding of the Lu cytoplasmic domainpectan was progressively
diminished with increasing concentrations @R4. In contrast,aR5 was without effectaR4 also
inhibited the interaction between the cytoplasmic domain of Lu(ak®) spectrin in a concentration

dependent manner (data not shown).

Kinetic Analysis of Interactions between Spectrin and its Fragments with Lu(v13) as Assessed
by Surface Plasmon Resonance Assay. To further characterize the interactions of spectrin with Lu(v13),
we employed a real-time plasmon resonance assay. Since babftumis contain the spectrin binding
motif and our above results show that they behave the same inaelbmsling to spectrin as well R4,
we chose to measure interactions of Lu(v13) to spectrimm®4dusing surface plasmon resonance assay.
In these experiments, full length spectrin or GST-tagded fragment was immobilized on the surface of
a sensor chip and the binding of Lu(v13) was assessed. Fig 3A aden3Bhstrate the dose-dependent
binding of Lu(v13) to spectrin aneR4 respectively. The binding affinity for Lu(v13)-spectrin naieion
is 2.3uM which is consistent with Kroviarski et 4t who showed that GST-Lu and GST-Lu(v13) bound
to spectrin with affinities of 3.44M and 2.7uM respectively. Of important note, we observed that the

binding affinity between Lu(v13) angR4 is also in theM range (8.3uM).

Effect of Incorporation of aR4 into Red Cell Ghosts on Lu Extractability. Having identifiedaR4
as the attachment site for Lu to spectrin and demonstrated inhibition of-Bpetuin interaction by R4
in vitro, we then examined the effect of disrupting the Lu-spemteraction on the linkage of Lu to the
cytoskeleton in situ. For this, we resealed the GB8-or GSTaR5 polypeptide into erythrocytes. The
association of Lu to the cytoskeleton was assessed by d@ternits extractability in the presence of non
ionic detergent. Fig 4A shows that with increasing concentrations ofdB&Tthe amount of Lu retained
in the cytoskeletal fraction was progressively diminished. Gugeén, GSTaR5 had no effect (Fig 4B).
Moreover, the retention of glycophorin C (which is linked to th@skeleton by protein 4.1R) in the

cytoskeletal fraction remained unchanged in the presence masgicg concentrations of GSIR4 (Fig



4C). These data demonstrate thd®4 specifically disrupted the Lu-spectrin interaction resulimg
enhanced liberation of Lu from the cytoskeleton on exposure to detetyar findings clearly indicate
that disruption of the Lu-spectrin interaction situ results in a weakened linkage of Lu to the

cytoskeleton.

Effect of Introduction of aR4 into Red Cell Ghosts on Cellular Adhesion to Laminin. Taking
advantage of our finding that thér4 fragment can specifically disrupt the Lu-spectrin intevadh situ,
we next examined the effect of th&®4 fragment on red cell adhesion to laminin. Adhesion of resealed
ghosts containing GST or GSiIR4 fragment to BSA or laminin was assessed using a grasitgn
reverse suspension assay, as described in "METHODS". Fighb#ssthat few resealed ghosts
containing GST or GS&R4 fragment adhered to BSA coated plates compared to laminird quates,
implying that the observed adhesion is mediated by Lu. Furtherrmmarporating GST:R4 into red
cells resulted in enhanced adhesion to laminin when compared to irorgdeST or GSTxR5 (Fig
5B). Adhesion progressively enhanced with increasing concentratiotie aR4 fragment and at the
maximum concentration, enhancement was more that 3 fold (FigT3@pe data clearly show that

disruption of the Lu interaction with spectrin modulates its adhesivetgctivi

DISCUSSION

Although the laminin-binding site in the extracellular domain ofHas been identified, little was
previously known about interactions of its cytoplasmic tailnémerythroid MDCK cells Ubc9 protein
(ubiquitin-conjugating enzyme 9) is an Lu binding partner, regulatinfiu(vl3) stability at the
membrane of these polarized epithelial c?é?lsl;n red cells, it was discovered that Lu isoforms directly
bind to spectrinz.4 A major result of the current study is the identificatiohthe Lu and Lu(v13)
attachment site in spectrin. Using pull down assays with spdcigments encompassing the entire
andp-spectrin sequences, the binding site for Lu and Lu(v13) was idend$ thexR4 repeat, which is

contained within the five N-terminal repeatsoegpectrin. Independent confirmation of the specificity of



this interaction was acquired by employing a competitive inbibiassay which showed thaiR4
inhibited the binding of spectrin dimer to Lu or Lu(v13). Kinediwalysis of the spectrin-Lu linkage by a
real-time plasmon resonance assay revealed that speg{tihd) andaR4-Lu(v13) binding affinities
were in theuM affinity range. To complement these in vitro studies vséetd the effect of disrupting the
Lu-spectrin interaction on the cytoskeletal content of Lu in situ. We dietedrthat the Lu content within
the cytoskeletal fraction progressively decreased with iscrga&oncentrations @fR4 in the presence of
detergent, indicating thatR4 can specifically disrupt the Lu-spectrin interaction to,siveakening the

linkage of Lu to the cytoskeleton.

Spectrin repeats have been traditionally viewed as modulesatbatised to build long, elastic,
extended molecules and the mechanical properties of recornbpeatrin repeats have been extensively
i 33:34:40.41 . o : . . .
studied: In addition to their principal role as an elastic module, theirgcreasing evidence that
spectrin repeats may also serve as docking sites for ejgtskand signal transduction proteins. For
example, the repeats of-actinin (a member of spectrin family), have been shown to titevih

cytoplasmic domains of integrﬁﬁzs and ICAMs‘.“o"44

We have recently demonstrated that
phosphatidylserine binds directly to clusters of spectrin repggaspectrin repeats 8-10 afidspectrin
repeats 2-4 and 12-1i§145 We also discovered that in malaria infected red cellsreted parasite
proteins bound to distinct spectrin repe?’zazté'f3 These earlier findings, coupled with our current data,

strongly suggest that spectrin, as well as its family member® asrscaffolds for protein assembly.

In earlier studies we discovered that Lu is a specifigh faffinity receptor for the laminim5
polypeptide chain, a constituent of laminins 10/11 (also termed IanssnEﬂll/SZ.ZLO).22 A number of
investigators have sought to identify the laminin ligand binditega the Lu extracellular domafa:*’
We determined that the three membrane distal IgSF domaires reguired for laminin attachmeftt.
More recently we have reported that Asp312 of Lu and the surrougdingy of negatively charged
residues in the region of the linker between IgSF domains 3 &mian the laminin binding site. Small-

angle X-ray scattering and X-ray crystallography havesatad that extracellular Lu is an extended

structure with a distinctive bend between IgSF domains 2 anliglinker between the second and third



domains appears flexible and is crucial for creating the Lioomation required for laminin bindinzg3.
Our current data now details an important interaction of thecytoplasmic tail linking it to the

cytoskeleton.

Another major finding of the current study was that speci§iatisrupting the Lu-spectrin interaction
by exogenously incorporaterR4 led to an increased adhesivity of resealed ghosts toifariihe basis
of the increased adhesion to the laminin matrix when Lu é&sel from the membrane cytoskeleton is
uncertain, but a plausible mechanism requires the freelynigprtansmembrane Lu molecules to cluster,
and thereby generate a large adhesive force. This notionpsrsegh by evidence in nonerythroid cells

showing that clustering of membrane receptors enhances ad?\%é?on.

Accumulating evidence strongly suggests that Lu-lamiath interactions contribute to the
pathophysiology of several severe red cell diseases chiazadt by thrombosis and/or vaso-occlusion. It
has been shown that red cells from individuals with polycythemia demonstrate 3.7 fold increased
adherence mediated by Lu-laminid attachments compared to normal red c7eIMoreover, Lu is
constitutively phosphorylated in these abnormal erythrocyissgathe intriguing question of whether
the mechanism(s) activating Lu adhesion is mediated by phospraryl&ickle red blood cells also
adhere to endothelial basement membrane via Lu-Iamfmluinding.3 Epinephrine increases Lu-laminin
o5 mediated sickle red cell bindi?lgfurther, the Lu cytoplasmic tail is phosphorylated in epinephr
stimulated sickle cell2 However, the molecular basis for increased adhesion due tphahmgkation of
the Lu cytoplasmic tail is not yet understood. Considered togeittepur present findings, we speculate
that phosphorylation of the Lu cytoplasmic tail weakens its ict@ya with spectrin, enabling the freely
floating transmembrane Lu molecules to cluster and theremmrage a large adhesive force. Future proof
of such a mechanism could stimulate the design of novel theiegpdor polycythemia vera and sickle

cell disease.
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FIGURE LEGENDS
Fig 1. Binding of Recombinant Spectrin Fragmentsand Spectrin Single Repeatsto Lu(v13) and Lu.
(A) Schematic presentation of recombinant spectrin fragmehtsb®undaries of all spectrin fragments
and single repeats were defined by SMART annotations; (B) nBet&yged spectrin fragments were
incubated with biotin-labeled Lu(v13) peptide and binding was dmtewsith anti-GST antibody. Note
only a N-5 was brought down; (C) the GST-tagged single repeats withifb fragment were incubated
with biotin labeled Lu(v13) peptide and the binding was detecteabave. Note onlgR4 was brought
down; (D) the His-tagged single repeats were incubated witht@®yed cytoplasmic domain of Lu and

the binding was detected with anti-His antibody. Note again@RH¥/ was brought down.



Fig 2. Inhibition of Lu-Spectrin Interaction by aR4. GST-tagged cytoplasmic domain of Lu was pre-
incubated with increasing concentrations of His-taggRd or His-tagge@R5 at room temperature for
30 minutes. Then the mixtures were added to the 96 well plate soithespectrin. The binding of GST-
tagged cytoplasmic domain of Lu was detected by anti-GSTaalytilNote the progressive decrease of

Lu binding to spectrin with the increasing concentrationsRy¥ but not withaR5.

Fig 3. Interaction of Spectrin or aR4 with Lu(v13) as Assessed by Surface Plasmon Resonance
Assay. Spectrin or GSTeR4 was immobilized onto CM5 sensor chip. Lu(v1l3) peptide at differe
concentrations (0, 0.625, 1.25, 2.5 andMb) was injected at 2@/min over the surface in a BlAcore
3000 instrument. The figure shows dose-response curves of Lu(v13) biodingobilized spectrin (A)

or to immobilized GSTzR4 (B).

Fig 4. Immunablot of Lu and GPC in Triton Shells Prepared from Resealed Red Cell Ghosts. The
triton shells were prepared from ghosts resealed without or mgthdsing concentrations @R4 or aR5

as described in the “METHODS". Proteins retained in the Tritonshate analyzed by SDS-PAGE and
immunoblotted with anti-Lu and anti-GPC. Note the progressivesdse of Lu imnR4-resealed ghosts

(A) but notaR5-resealed ghosts (B). GPC was unchangedRirresealed ghosts (C).

Fig 5. Effect of aR4 on Adhesion of Red Cell Ghoststo Laminin. (A) Red cells resealed with

40 pM of GST or GSTeR4 were incubated forl hour at’87on BSA- or laminin- coated 96
well microplates. Phase contrast images show adherent d¢eligilihg the wells with PBS and
floating the microplate upside down for 40 minutes before microsadyservation. (B) GST,
GST-aR4 or GSTaR5 at 100uM was introduced into red cells. Adhesion of the resealed cells
to immobilized laminin was measured using the gravity drivenrseveuspension assay,

described for panel A. Adhesion in the presence of GST was npethas 1. Note the enhanced



adhesion in the presence @R4 fragment but nottR5 fragment. N=3. (CiR4 fragment at
indicated concentrations was introduced into red cells. Adhesionnveasured as above.
Adhesion in the presence of 20M GST-o4 was normalized as 1 and the fold change was
plotted against increasing concentrations of 4T Note the progressively enhanced adhesion

in the presence of increasing concentrationsF4 fragment. N=3.
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	Materials
	SDS-PAGE and Western Blot. SDS-PAGE was performed using 10% acrylamide gel. Proteins were transferred onto nitrocellulose membrane. The blocking was either done overnight at 4 0C or for 1 hour at room temperature in blocking buffer (10 mM Tris, pH 7.4, 150mM NaCl, 0.5% Tween-20, 5% non-fat dry milk). All other steps were performed at room temperature. The blot was probed for 1 hour with the primary antibody followed by secondary antibody coupled to HRP. After several washes, the blot was developed using the Renaissance chemiluminescence detection kit.

	RESULTS

